ABSTRACT The functional separation of call control and the control of network resources brings about the flexibility in provision of telecommunication services. This paper addresses the relation between call control and resource control in the B-ISDN signalling. The merits and drawbacks of two complementary interaction strategies, i.e., simultaneous and sequential set-up are discussed. Principles of how to make a choice between the two are proposed.
Introduction
The establishment of calls providing B-ISDN services may involve the negotiation among multiple parties and the network on the services to be offered to the call. It also involves the negotiation with the network on the availability of resources (call admisision), and the commitment of resources for the call (resource allocation). Resources are meant here in the widest sense and includes bearers and specialized resources such as conferencing bridges. It is therefore useful to separate the aspects related to the service provision and the aspects related to the service implementation. Such a separation provides flexibility and meets the needs of future telecommunication services and network architecture. This issue is known commonly as the separation of call control and bearer control [l] , which in the context of B-ISDN should be called more generally separation of call control (CC) and resource control (RC).
The CC is mainly concemeid with the end-to-end negotiation on the membership of a call and the services to be provided, The RC interacts witlh a routing entity to find a best route for each connection, and performs resource allocation on a link-by-link basis. A lot of research has been carried out on the design of signalling protocols supporting multimedia multiparty communications. To name a few examples, ISCP [6] proposes that signalling protocols for B-ISDN be structured according to the OS1 application layer structure. A call control protocol at the user network interface (UNI) is presented1 in [5] . The CMAP protocol at the UN1 supports both connection control and call control [3] . RACE project MAGIC [4] aims at investigating long term signalling requirements, architecture and protocols for B-ISDN, resulting in signaling protocols at the UN1 and NNI (network node interface) [7] . Apart from B-ISDN, protocols are designed to support multimedia multiparty conferencing over Internet, such as ST-I1 [9] and RSVP [ 101 for resource control and MMCC for call control [8] .
The functional separation leads to several possibilities for the call control entity to invoke the resource control for resource allocation. However, it seems that the relation between CC and RC is to a large extent overlooked. This paper studies the relation between call control and the control of resources in the B-ISDN signalling. In particular, we study when RC should be invoked and the merits of different strategies.
CC must interact with RC in order to acquire connections and other resources for user information transport. The interaction can be done within the terminal equipment by the user' itself [3] . This option allows the most commonality between signalling protocols at the UN1 and NNI. The disadvantage of this approach is that it can be a burden to the user because the user has to figure out the resource configuration needed for the communication. The second option [5, 71 is that CC interacts with RC within the network, so that users are relieved from setting up connections and the network can efficiently use resources by, e.g., mapping several calls onto one connection. In this paper, we assume that CC and RC interact within the network. Note that the conclusions are valid for both options.
The paper is organized as follows. Different strategies to invoke resource control are introduced in Section 2. In particular, we focus on two complementary cases, i.e., simultaneous and sequential call set-up and resource allocation. We discuss the factors impacting the choice of strategies in Section 3. Principles of how to make a choice between the two are proposed in Section 4. Section 5 concludes the paper.
Strategies to Invoke Resource Control
As can be seen from a typical CC message flow during call set-up shown in Figure 1 , RC can be invoked before the call offering so that the call set-up request is offered to the called user(s) only after the resources have been allocated. In this case, the resource allocation and the call set-up occur simultaneously from the called users' point of view. Invocation of the RC can also be deferred until the call setup is ready for commitment, i.e., the instant when the originating local exchange (OLEX) receives the READY messages from all the mandatory called users. Call set-up employing this strategy will be called sequential set-up. A message flow is shown in Figure 3 to set-up a two party call.
Note that in Figure 1 only the exchanges involved in call control are shown, i.e., the originating and terminating local exchanges (OLEX and TLEX). Figure 2 and Figure 3 also show the message flow to and from the transit exchanges (TRX) since they are involved in the resource control. Note also that the messages shown in the figures are for illustration purpose. They are not messages of any particular B-ISDN signalling protocol, although we borrowed some message names from signalling system number 7.
For some telecommunication services, e.g., two party communications, RC can be invoked as soon as the called user answers the call set-up request. It is also possible to invoke RC either at the OLEX or the TLEX as soon as the terminating terminal equipment (TTE) indicates, by means
of, e.g., an alerting message, that it is suitable and currently able to accept the call. For simplicity, these cases will not be considered in this paper.
The advantage of sequential set-up is that it does not hold resources unnecessarily. However, the called users have to wait for resource allocation after answering the set-up request. Moreover there is a chance that the call must be rolled backed after called users accepted the request, because the network does not have enough resources.
The advantage of simultaneous set-up is that at the moment the called user answers, the desired resources are directly available so that the called users can communicate very soon. The disadvantage is that resources are allocated and thus wasted during the call set-up (including the call processing by the TTE and response times of called parties). In addition, there is a potential waste of resources in case the call set-up must be rolled back. A call set-up fails (partly) when one of the called users rejects (busy) or does not answer the call (absent). It may also happen when TEs are not compatible. The calling user may have to pay for the allocated resources in those cases without having received any service from his point of view; otherwise the network operator will have to pay for the resources. In multiparty multimedia calls, simultaneous set-up becomes impractical for two reasons. Firstly, the amount of resources to implement a multiparty call can be large. It is more likely that expensive resources such as audio and vidleo mixers as well as conferencing bridges will be needed. Holding these resources even for a short time can be very expensive.
Secondly, the variety of the call set-up success conditions makes it difficult to predicl. the exact resource configuration of the call before the multiparty negotiation of the call set-up is finished. In case of simultaneous set-up, the maximum resource configuration should be assumed and later on those unnecessary resources are released, leading to the potential waste of a large amount of resources. For example, N out of M called users can be specified as mandatory in a call set-up request. In order to do simultaneous set-up, a resource configuration supporting communications of all the M users must be assumed. It may turn out that only those mandatory called users respond positively therefore resources allocated for communication with the (M-N) optional users have to be released again. It is even worse that the call set-up may have to be rolled back because some of the mandatory called users refused the call set-up reguest, due to, e.g., their TEs being engaged.
Factors Influencing the Choice of Strategies
Invocation strategies can be chosen before or during the service provision. Certain invocation strategy can be specified for a B-ISDN service by the network operator, e.g., the simultaneous set-up can be specified for simple services, e.g., conventional services which are offered already by N-ISDN such as telephone service, and sequential setup can be specified for complex services.
A specific invocation strategy can also be determined for each call during the service provision, i.e., during the call set-up to provide a telecommunication service. When a telecommunication service is requested, the OLEX must determine whether simultaneous or sequential set-up should be employed. If the simultaneous set-up is chosen, the OLEX will invoke the RC entity after the OLEX finished the local processing at the call control level. If the sequential set-up is chosen, the OLEX will invoke RC after receiving responses from all the mandatory called users.
The choice of invocation strategies depends on the call parameters which determines the potential waste of resources, QoS requirements and network status, see Figure 4. In the following, we shall discuss the role of each parameter in the choice-making process.
3.1
Call Parameters 1, telecommunication service type Services offered by current telecommunication networks, such as telephony, will be part of the B-ISDN services. These services, called conventional services, should be provided by B-ISDN, from the user's point of view, in the same way as they are provided in current telecommunication networks. We call this requirement "service compatibility" requirement.
Provision of conventional services is currently done by signalling systems without CC/RC separation. Call and invocation strategy for a service or call network status (load, ...)
FIGURE 4. Input to the Invocation Strategy
Choice-making bearer are set up simultaneously so that a called party can communicate immediately after the call set-up request is accepted. If sequential set-up is applied in the provision of conventional services, the service compatibility will not be guaranteed anymore.
2. expected media The media (or service modules or service components) to be supported determine the transmission capacity needed by the call. Some media such as HDTV are resource demanding. Others, e.g., a connection for remote log-in, need a little guaranteed bandwidth.
3.
expected number of users and their attributes They determine the resource configuration of the call and the need for special resources. For example, communications between two users do not need a conferencing bridge even if the call was assumed as a conferencing call.
A user can be mandatory or optional for the call set-up. If a call set-up request contains an optional user, the resource configuration cannot be determined until receiving replies from all the called users.
A user is allowed to access certain media. Such a permission determines the resource configuration. If one user is allowed to transmit information to a medium and the others can only receive information, a point-to-multipoint connection is sufficient for this medium. If all the users can transmit to and receive from a medium, either bidirectional point-to-point connections and a conferencing bridge, or a multipoint-to-multipoint connection is needed to support the medium. The latter can be implemented by multiple point-to-multipoint connections.
4.
Depending on the location of each called party, the size of the resource configuration of the call can change and so does the amount of resources claimed for the call. On the one hand, the bigger the resource configuration is, the greater the amount of resources is needed to implement the call. On the cther hand, the bigger the resource configuration is, the worse the QoS, in terms of access delay, should be expected by users and can be provided by the network.
size of the resource configuration
We do not consider another call parameter, the expected call duration because its role is twofold. On the one hand, the longer the call is, the more the call is charged and thus users may not care the small portion of the extra cost due to simultaneous set-up. On the other hand, the longer the call is, the more likely users do not care of waiting a little bit longer in the beginning due to the sequential set-up.
Network Status
The load situation of the network determines the call blocking probability and thus has an impact on the choice of invocation strategies. The more heavily the network is loaded, the more probably the call set-up will be rolled back due to the lack of the resources. In this case, it is better not to choose the sequential set-up because it is likely that the called party is requested first to participate in a call, and is informed later of the fact that the call cannot be set up due to a lack of resources.
On the other hand, saving a small amount of resources for a short period of time can be significant in case that the network is heavily loaded. It may help to reduce the call blocking probability.
QoS Requirements
In the call set-up phase, one concerned QoS parameter is the access delay. For a calling party, we define the access delay as the interval which starts when the call set-up request is issued, and ends when the calling party is allowed to communicate if the calling party intends to participate in the communication. For a called party, the access delay is defined as the interval which starts when the called party accepts the call set-up request, and ends when the called party is allowed to communicate.
In simultaneous set-up, the resource allocation can be done in parallel with the call set-up request delivery so that the access delay of the calling party is reduced. The access delay of a called party is very small because resource allocation has finished before the call offering. In sequential set-up, delivery of the call set-up request, acknowledgment of the call acceptance and resource allocation are done serially, leading to a longer access delay.
Some calls are restricted to access delay, e.g., distributed computing where the calling party (i.e., a computer process) is hanging up to wait for the reply from the called party. To set up access delay sensitive calls, the simultaneous set-up is preferred because the call and resource control processing is done in parallel. Some calls are not too sensitive to the access delay. For example, parties in a conferencing call may not care if the access delay is a few seconds longer.
Principles for choosing the Invocation Strategy
The objective is to choose a proper invocation strategy so that B-ISDN services can be provided with a satisfactory QoS as efficiently as possible. The objective is vague in the sense that it can be difficult to judge to what extent the Duiring the choice-making process, we must take into account the service compatibility issue, i.e., from a user's point of view conventional services will be provided in the same way as they are offered now. Most of conventional services, such as telephony etc., are point-to-point monomeldium communications. Only a limited amount of resources are needed to implement these services. Due to these considerations, we suggest that simultaneous set-up be used for calls offering conventional services.
For new services to be provided by B-ISDN, we assume that users will be getting used to the way in which B-ISDN services are provided. For instance, called users will not be surprised that a call set-up is rolled back after they all accepted the invitation to join the call. We also assume that intelligent terminal equipment will be used to offer the new B-ISDN services so that calling and called parties will get information on the progress of the call set-up procedure. Based on these assumptions, principles are proposed to determine either simultaneous or sequential set-up is suitable for a new B-ISDN service or a call providing such a service, as shown in Table. 1.
Conclusions
Due to the separation of call control and the control of network resources, RC can be invoked in different moment of time in order to allocate reslmrces for a call. We have compared two complementary cases, namely simultaneous and sequential set-up. For sinnultaneous set-up, the access delay can be very small and it is ensured that once the called users accepted the call set-up request, communication can start. However, resources are allocated and thus wasted during TE compatibility checking and the user response time. In addition, resources should not have been allocated when the call is irefused by the called user. The sequential set-up enables resources to be allocated only if nec;essary, although the access delay is longer. It is also possible that the call is cancelled after called users accepted the set-up request, due to the lack of resources.
Choice of different invocation strategies depends on the call parameters, QoS requirements and network status. It has been suggested that simultaneous set-up should be employed only for calls offering conventional services, and access delay sensitive, non-resource demanding calls.
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